A Competition of monovalent cations from solving the non-linear Poisson-
standard way in which the radius should be chosen when cations of different sizes are present in the system. Consequently such calculations cannot distinguish between more or less competitive cations. The competition constant will always be equal to the concentration of the background cation. In the conventional NLPB calculations presented here we have chosen to pick the excluding radius as the size of the background cation so that when the concentration of the competing cation is zero we will obtain the same values for the amount of excess positive and negative charge. Figure 1 presents the ion counting competition profile between K + against a background of 50 mM Na + . Exactly the same profiles were obtained for competition of other cations (Li + , Rb + and Cs + ). Several different variations of NLPB have been suggested [7, 8, 11, 6, 10] , that may allow distinction between ions that will effect the competition curves. Nonetheless, as has been demonstrated previously, regardless of how well the profiles for the preferential interaction parameters agree with IC experiments, the fundamental spatial distribution predicted by NLPB are in stark contrast to those predicted from molecular theories such as MD and 3D-RISM [9] (see Figure 15 in supplemental information). 
B A simple model for ion competition
We consider two cations (C + and B + ) that compete to be located in the ionic atmosphere of a nucleic acid. We assume that the concentration of B + is maintained constant; B + will be called the background cation. The concentration of C + is varied; C + will be designated as the competing cation. A common anion, A − is used to neutralize the system.
We will consider that a Donnan equilibrium is established between two cells separated by a semipermeable membrane. The cell containing the solution containing the nucleic acid solute is labeled 1 and the cell containing just the salt solution will be labeled 2. All the quantities related to each cell will be henceforth indexed accordingly. Equalization of the chemical potential of the bulk ionic species is written as:
An identical relation can be written for B + and A − . µ 0 denotes the standard chemical potential and γ the activity coefficient indexed for each chamber of the osmotic cell and with the corresponding component of the solution; β = 1 /kBT with T the temperature and k B the Boltzmann constant. The activity coefficient in the first cell can be separated into a solution part (identical in value to that of cell 2) and an excess part due solely to interactions with the solute. We can write this as a γ
The smaller the value of γ x C + the stronger the relative affinity of the cation for the DNA than the solution. Finally, using equation 3 in the main text we replace
and obtain:
The exp
term can be identified as a transfer equilibrium constant between the solution phase to the ionic atmosphere and will be denoted with
term is concentration dependent and is related to the non-ideality specific to electrolyte solutions. Analogous equations can be derived for Γ B + and Γ A − .
Using equation 2, the ratio between the preferential interaction parameters for the competing and background cation can be computed as:
where
If one assumes the second term of the rhs to be independent of the concentration of the competing cation, then c is a constant. The validity of this approximation is tested in Figure 2 . For competing cation concentrations of up to 100 mM the linear dependence of R + holds for both experimental data as well as 3D-RISM. Fitting of R + has been carried out only for the concentrations up to 100 mM and has been extrapolated for the rest of the concentration range.
R + can be used to asses the shape of the competition profiles. When the competing and background bulk concentrations are equal (
, R + depends only on the relative free energy of transfer of each cation from bulk to the ionic atmosphere.
In general:
1. if R + > 1, the competing cation is a stronger competitor for the DNA than the background cation. In this case the IC profiles of the background and competing cation intersect before the competing cation concentration reaches the value of the background cation concentration.
2. if R + < 1, the competing cation is a weaker competitor for the DNA than the background cation. In this case the IC profiles of the background and competing cation intersect after the competing cation concentration reaches the value of the background cation concentration.
The intersection between IC profiles of the competing and background cation can be used to determine the competition constant. In fact, the competing ion concentration where Γ C + = Γ B + equals the competition constant. Writing the charge conservation as q DN A − Γ A − = Γ + where Γ + is the total excess positive charge, one obtains:
The preferential interaction parameters of the competing and background cations normalized by the total positive excess charge (obtained from the ion counting profile of the anion) could be simultaneously fit to experimental or theoretical data for a single parameter, c. A linear dependence between the ratio of the number of bound competing and background cation and the ratios of their bulk concentration was also noticed in a previous study on competition between mono-and divalent cations using ASAXS [1] . A similar model to equation 5 was used in [4] to fit experimental data where:
where Γ
B + is the number of associated B + ions in the absence of C + , and n is the Hill coefficient that was found to be very close to 1.0 [4] , and [C + ] 1/2 is the competition constant and is similar to parameter c. Sequence effect on ion counting competition profiles. Overlap of ion counting competition profiles obtained using three different 24bp duplex DNA sequences (24L, 24La1, 24La2). The 24L sequence is shown in green, 24La1 is shown in black and 24La2 shown in red, respectively. The symbols corresponding to each sequence have different sizes to distinguish close numerical values obtained for the three sequences. 24L is the sequence for which most of the ion counting measurements have been carried out; 24La1 and 24La2 correspond to two alternative sequences used in same competition measurements in [4] . See Methods section in the main text for the exact sequences.
C Distribution of cations around phosporyl groups
Supplementary Figure 7 : Examining the effect of sequence variation on cation binding in the major and minor grooves. Two alternative sequences (See Methods) were used to compute ion competition profiles. The cation iso-density corresponding to the original sequences (24L) is displayed as a red mesh; the cation iso-density corresponding to the alternative sequences (24alt1 left and 24alt2 right) is shown in solid orange. An iso-density value of 50 times the cation bulk concentration has been used throughout.
Supplementary Figure 8 : Examining ion specific binding in the DNA major groove using the GC/CG base pair step motif. The GC/CG base pair step has been shown using both molecular dynamics simulations and 3D-RISM to chelate Na+ and K+ ions using the O6 atom types on Guanine residues [2, 3, 9] . (top, left) A GC/CG base pair step flanked by two AU base pairs. Ion density iso-value maps for Li + (top, middle), Na + (top, right), K + (bottom, middle) and Rb + (bottom, right). Two iso-values are shown for each ion type: the white mesh corresponds to an iso-value of 50 times larger than the bulk density, the red solid mesh corresponds to an iso-value of 100 times the bulk ion density. The ion densities presented here were determined for 50mM Li+, K+, Rb+ in the presence of 50mM Na+; the Na+ density shown here was determined at 50mM concentration in the presence of 50mM K+. It can be observed that the cation density patterns both around the phosphoryl groups and the major groove strongly depend on the cation identity. Ion counting competition calculations from 3D-RISM for alkali chlorides in a background of 50 mM Na + . All calculations were carried out using the PSE-3 closure.
F Ion counting calculations
[Li + ] Γ N a + Γ Cl − Γ Li + [Rb + ] Γ N a + Γ Cl − Γ Rb + 0
